Introduction
Geriatric hip fracture is a global endemic due to ageing population and associated osteoporosis. In Hong Kong, most hip fractures are managed in public hospitals under governance of Hospital Authority. According to the statistical report of Hospital Authority Management Information Portal, hip fracture operations have been slowly increasing from around 4500 cases in 2011 to around 4800 in 2016. It constitutes one of the commonest orthopaedic operative diagnoses in Hospital Authority.
Hip fracture causes significant impacts on patients' lives. It is associated with increased mortality, up to 30% in the first year. 1e3 It results in loss of functions including ambulation, independence in daily lives, social participation and living in community. 4e6 It has high costs on our health-care system, with the necessary hospitalisation, outpatient rehabilitation and subsequent medical care needs. Average hospital bed days for hip fracture are 7 days in acute and 20 days in rehabilitation hospitals, with cost of care per day of approximately USD 400, total hospital cost per admission around USD 10782 and a total annual expenditure in Hospital Authority around 52 million USD. 6, 7 Therefore, every effort should be made to improve functional outcomes after hip fractures. For displaced femoral neck fracture, hemiarthroplasty is the treatment of choice. The traditional Austin Moore Arthroplasty (AMA) has been widely used since 1950s 8, 9 and remains in regular use worldwide nowadays. 10, 11 However, there is an international trend to replace AMA with cemented hemiarthroplasty. Bone cement provides immediate and long-term stability, resulting in less thigh pain and better implant survival and long-term function.
12e19
In view of potential advantages in pain, function and implant survival of modern cemented Exeter implant over conventional AMA, the Hospital Authority of Hong Kong has adopted new guidelines for implant choice of femoral neck fractures since 2013. For patients aged 65e84 years, cemented modular hemiarthroplasty with Exeter stem would be used instead of AMA. Bipolar femoral head would be used for patients aged 65e74 years and unipolar head for patients aged 75e84 years.
This study reviewed whether the new guidelines improved patients' rehabilitation outcomes, in terms of mortality, hospital service reattendances and functions.
Methodology
We retrospectively reviewed a consecutive cohort of patients aged 65e84 years, admitted to a single tertiary hospital in Hong Kong for femoral neck fractures with hemiarthroplasty carried out during years 2012e2014. This hospital is located in a district with highest population density, one of the lowest household median income and one of the highest proportion of elderly in Hong Kong. 20, 21 As a result, this hospital has one of the highest admission of geriatric hip fractures in the territory.
The new guidelines replaced AMA with cemented modular Exeter hemiarthroplasty system in the year 2013. The AMA group included all AMAs carried out during the years 2012e2013, when it was the treatment of choice. The Exeter group included all cemented modular Exeter hemiarthroplasty carried out in the year 2013e2014, when it was the treatment of choice.
Patients who received treatments not following the guidelines were excluded, including cemented modular Exeter hemiarthroplasty carried out in 2012, AMA in 2014, or any other types of hemiarthroplasties. Any additional procedures or intraoperative complications that may affect postoperative rehabilitation, including wiring or plating for intraoperative fractures, were excluded. Patients who were not followed-up in Hospital Authority were also excluded. Since the purpose of this study was to investigate rehabilitation outcomes, patients without rehabilitation potentials, i.e. premorbid chair-or bed-bound patients, were excluded. Also, these chair-or bed-bound patients routinely received AMA in clinical practice due to low functional requirements.
Timing of surgery is one of the most significant factors affecting hip fracture outcomes, including mortality and complications. 22e25 In Hong Kong, 70% of hip fracture operations are carried out within 2 days after admission; it was a key performance index for all orthopaedic departments in Hospital Authority. However, because of limited operation theatre sessions, a small amount of patients fit for operations might receive operations beyond 48 hours. In general, the longer the operation was delayed, the more likely it was due to medical comorbidities, instead of administrative reasons. There was also a tendency for surgeons towards performing AMA instead of cemented modular Exeter hemiarthroplasty in patients whose operations were delayed due to medical comorbidities, with the belief that frail elderly with multiple comorbidities might not benefit from modern cemented implants, and the concern about bone cement implantation syndrome and associated mortality particularly in frail patients. 26e28 When analysing epidemiology characteristics of the AMA versus Exeter group, the AMA group patients were significantly older than the Exeter group when patients with all operation timings were included. The basic epidemiology characteristics of the two groups became comparable when only patients with operations within 72 hours after admissions were included (Table 1) , with a possibility that majority of operation delays due to medical comorbidities had been excluded. To minimise bias in analysing rehabilitation outcomes, all patients with operations delayed for more than 72 hours after admissions were excluded. All operations were performed in a standardised way. A standard posterior approach with joint capsule repair at the end was adopted. For AMA, standard size prostheses would be attempted, unless in cases with very narrow medullary canals, in which narrow size prostheses were used instead. For Exeter group, preoperative templating was performed to determine correct implant offsets. Third-generation cementation using jet-water-gun lavage, vacuum-mixed cement, cement gun with pressurisation, cement restrictor and centraliser were used. Drains were inserted and removed on postoperative Day 1. Full weight-bearing walking started on Day 1. All patients were cared by a multidisciplinary rehabilitation team and received weekly multidisciplinary-combined grand round for rehabilitation planning and comorbidities management. Standard transfusion and pain management protocols were employed.
Electronic health-care database for each patient was reviewed via Clinical Management System of Hospital Authority. All patients were reviewed for 2 years after operation or until they died (before 2 years). Outcome measures included mortality, public hospital service reattendances and rehabilitation outcomes within 2 years.
For mortality, mortality within the same admissions (i.e. patients died before ever discharged from acute or rehabilitation hospital), 1-year and 2-year mortalities were compared between the two groups.
For public hospital service reattendances, three areas including falls, refractures and implant complications were reviewed. The following outcomes were compared between the two groups at 1-year and 2-year periods: fall-related readmissions, fall-related reattendances to emergency departments (without admissions as inpatients), fall-related total episodes (readmissions and reattendances to emergency departments), refractures (as inpatients, outpatients and emergency department attendances), implantrelated readmissions (any implant-related causes, including pain, infection, implant loosening and protrusio, dislocation, periprosthetic fractures, etc.), implant-related reattendances to emergency departments and implant-related total episodes. All patients in the two groups, no matter whether they died or lived at 1-year and 2-year periods, were reviewed in this comparison. This gives an insight into the economic implications of hip fractures on further health-care costs after index admissions.
For rehabilitation outcomes, three aspects of outcomes were reviewed during the premorbid, 1-year and 2-year periods, namely Modified Functional Ambulation Classification (MFAC) ( Table 2) , actual ambulatory status and residence status. For actual ambulatory status, four categories were compared, including ambulation by any means (i.e. with or without assistance or walking aid), unaided walking (i.e. walk without assistance or walking aid), 
The italic format mean they are statistically significant. Pearson Chi-square test was used for dichotomous variables and independent t test was used for continuous variables. A p value of less than 0.05 was considered as statistically significant.
Results
There were a total of 395 patients initially, 240 in the AMA group and 155 in the Exeter group. After excluding patients according to the above criteria, there were 280 patients totally, with 150 in the AMA group and 130 in the Exeter group. As shown in Table 1 , the size difference mainly occurred in 2013, which was the year of change of practice, when our surgeons needed some time to learn and change to the new surgical techniques of cemented Exeter hemiarthroplasty.
Patient characteristics
Their basic epidemiology characteristics were presented in Table 1 . The two groups were basically similar. There were no statistically significant differences in general health including age, preoperative Charlson age-adjusted comorbidity score and preoperative American Society of Anesthesiologists class (ASA class). There were no significant differences in premorbid functions including MFAC class, ambulatory status and residential status. There were no significant differences in operation delay including actual hours from admission and proportion of operations done within 48 hours. Finally there were also no significant differences in treatment periods that they received, in terms of total length of hospital stay, proportion to rehabilitation hospital and actual length of stay in rehabilitation hospital, proportion to outpatient rehabilitation (geriatric day hospital) and actual length of training in geriatric day hospital. The only difference was length of stay in acute hospital, where the AMA group spent 10.48 days while the Exeter group spent 12.11 days (p ¼ 0.027).
Mortality
The two groups did not differ significantly in terms of mortality within the same admission, 1-year mortality and 2-year mortality (Table 3) . However, as shown in Figure 1 , with increasing time after operation, the difference of mortality between the two groups became bigger and the p value approached closer to significant level, with the Exeter group tending to have a lower mortality in longer follow-up.
Hospital service reattendances
Overall, the two groups performed well with minimal episodes of readmissions or reattendances. Generally speaking, however, the Exeter group performed better. For falls, the Exeter group performed significantly better in fall-related readmissions within 1 and 2 years, fall-related attendances to emergency department within 2 years and fall-related total episodes within 2 years. The Exeter group also performed significantly better in refractures within 2 years. For implant-related complications, overall the Exeter group performed better, with significantly less total episodes within 2 years and significantly less readmission within 1 and 2 years. However, the Exeter group had significantly more implantrelated attendances to emergency department in 1 year, although such difference disappeared in 2-year time (Table 4) .
Rehabilitation outcomes
Rehabilitation outcomes were analysed for the 1-year and 2-year survivors only. At postoperative 1 year, there were 136 survivors in the AMA group and 123 survivors in the Exeter group for The italic format mean they are statistically significant. comparison. The 1-year survivors of both groups were comparable in their basic epidemiology characteristics (Table 5) , including general health (age and preoperative Charlson age-adjusted comorbidity score), premorbid function (MFAC class, ambulatory status and residence status), operation delay (actual hours from admission and proportion of operations within 48 hours) and treatment period received (total length of hospital stay, proportion to rehabilitation hospital and length of stay in rehabilitation hospital, proportion to outpatient rehabilitation and duration of outpatient rehabilitation). The 1-year survivors in the Exeter group, however, had significantly higher ASA class (2.36 vs. 2.30, p ¼ 0.047) and they stayed significantly longer in acute hospital (11.86 days vs. 10.13 days, p ¼ 0.023) than their counterparts in the AMA group. 1-year survivors in the Exeter group performed significantly better than the AMA group in every aspect at postoperative 1 year, including mean MFAC class, proportions of patients being ambulatory, walking unaided, walking independently, walking outdoor and living in community (Table 6, Figure 2) . Moreover, when we looked only at patients who had the abilities to ambulate, walk unaided, walk independently, walked outdoor, and who lived in community preoperatively, there were significantly less of them in the Exeter group who lost such abilities at postoperative 1-year, except the ability to walk unaided (Table 6, Figure 3) .
At postoperative 2 years, there were 121 survivors in the AMA group and 114 survivors in the Exeter group for comparison. Again, the 2-year survivors were comparable in their basic epidemiology characteristics, except that the 2-year survivors in the Exeter group had significantly higher ASA class (2.32 vs. 2.30, p ¼ 0.044) and stayed significantly longer in acute hospital (11.96 days vs. 10.30 days, 10.30 days, p ¼ 0.010) than their counterparts in AMA group (Table 7) .
At both postoperative 1 and 2 years, 2-year survivors in the Exeter group performed significantly better than the AMA group in their mean MFAC class and in proportions of patients who could walk independently, walk outdoor and live in community (the two groups were comparable in these aspects preoperatively) ( Table 8 , Figure 4 ). Moreover, when we looked only at those patients who had the abilities to walk independently, walk outdoor and live in community preoperatively, there were significantly less of them in the Exeter group who lost such abilities at both postoperative 1 and 2 years (Table 8, Figure 5 ). However, there was no statistically significant difference between the two groups in ambulatory and walking unaided ability, including both absolute proportion at postoperative 1 and 2 years, and proportion of originally ambulatory patients and unaided walkers who lost such abilities at postoperative 1 and 2 years.
Discussion
Traditional AMA ( Figure 6 ) is a monobloc cementless collared hemiarthroplasty prosthesis, with nonporous coated perforated stem. It is inserted by press fit and provides immediate stability by 3-point fixation inside bone (Figure 7 ). It offers a fast and cheap operation with minimal short-term complications. With continuous weight-bearing, however, bone resorption takes place, and stability is gradually lost. AMA is now well known to be associated with thigh pain during walking, loosening and need for revision in a long-run (Figure 8) . 4,12e15,29 Yet AMA still remains in regular use worldwide, even in developed countries. 10, 11 Conventional cemented prosthesis, cemented Thompson hemiarthroplasty, is a monobloc cemented collared design. A randomised controlled study by Parker et al in 2010 found that cemented Thompson hemiarthroplasty led to less pain, improved return of mobility and a reduced hospital stay, with no difference in mortality, when compared with AMA. 4 The 2010 Cochrane Systematic
Review concluded that cemented prosthesis resulted in less pain and improved postoperative mobility, with no difference in mortality and complications. However, this review acknowledged that the majority of studies included, evaluated the traditional AMA and cemented Thompson hemiarthroplasty and raised the need for further comparison of more advanced hemiarthroplasties. 16 Modern cemented hemiarthroplasty is usually a modular system, with an Exeter femoral stem and a modular femoral head with either unipolar or bipolar design (Figures 9 and 10) . The Exeter femoral stem is a double tapered, collarless cemented stem with highly polished surface. This allows controlled subsidence of implant inside cement mantle and possibly long-term stability. Modular femoral head design allows simpler revision in acetabular erosion without implant loosening. A randomised controlled study by Taylor et al in 2012 showed cemented Exeter implant resulted in significantly lower implant-related complication rate when compared with modern cementless hemiarthroplasty and a trend towards better function and mobility but showed no difference in pain and mortality. 19 The most important result of this study was improved rehabilitation outcomes in replacing AMA with cemented modular hemiarthroplasty using Exeter stem, in terms of mobility score (MFAC), specific walking abilities and residence status.
Despite a general impression of better functions with cemented hemiarthroplasty than AMA, there is still controversy in literature. A lot of studies showed better mobility outcomes with cemented implants than cementless implants. 4, 5, 13, 14, 16, 17 Yet, other studies showed no differences. 17, 29 Different scoring systems have been used for analysis of functions after hemiarthroplasties for hip fractures. In this study, MFAC was used. This is a mobility outcome measure commonly used and validated by physiotherapists in Hong Kong. 30 Similar to other studies, this study showed improved mobility scores with cemented prosthesis. Moreover, we specially looked at specific mobility status of the two groups. Particularly significantly higher portions of patients in the Exeter group were able to retain their ability to walk independently and walk outdoor at both postoperative 1 and 2 years. There was also a trend towards higher portions of patients in the Exeter group to remain ambulatory or retain their unaided walking ability at postoperative 1 year time. There was seldom any literature which looked into specific walking ability in such detailed ways. For residence status, this study showed an improved outcome that cemented prosthesis allowed more patients to return to their own homes at postoperative 1 and 2 years. This agreed with the study by Parker et al. 4 Another important result of this study was the decreased utilisation of public medical services in the Exeter group as compared with the AMA group. Such decrease in admissions or attendances to public hospital services was seen in relation to falls, refractures and implant-related reasons.
Improved rehabilitation outcomes in the Exeter group may contribute to decrease in admissions or attendances due to falls and refractures. Despite there being a lot of discussions about mobility and functions with cemented and cementless hemiarthroplasties in the literature, end results on falls and refractures were seldom discussed. It was impossible to document every fall accurately in a retrospective study of an elderly patient group in which memory impairment was common. Therefore, only significant falls that led to admissions or attendances to hospital services were included. Fractures, on the other hand, usually led patients to hospital services due to significant pain.
On the other hand, the reduced admissions due to implantrelated reasons in the Exeter group may be contributed to decreased implant-related complications with cemented prosthesis. Lots of studies showed that AMA was associated with more pain, 4, 5, 15 postoperative complications, 5, 15, 18, 29 shorter survival and higher revision rates when compared with cemented implants. 4, 5, 15 Our studies did not look directly into different types of implantrelated complications, as we expected an insignificant number of individual types of complications given the short follow-up time of 2 years. Moreover, analysis of individual complications in relation to the two different prostheses based on such a short duration of follow-up was probably premature and incorrect, as many complications probably had not occurred yet. Also, it was a retrospective study and difficult for us to document pain or implant loosening accurately. Based on the condition that we would like to investigate the burden of further medical care in public sector, we decided to choose a more indirect comparison of implant-related admissions and attendances. Interestingly the first year attendances to emergency services were higher in the Exeter group. Despite that, total episodes of admissions and attendance due to implant-related reasons were still the same in the two groups in the first year and significantly higher in the AMA group in the second year. Although being an indirect way to reflect falls, refractures and implant-related complications, this study showed a decreased utilisation of medical services for these causes. This showed a benefit in socio-economic aspect for Hospital Authority to replace AMA with cemented modular Exeter hemiarthroplasty. This is the significance of this study in the public health planning.
The final important finding of this study was mortality. There was no significant difference between the two implants. This was in line with most of the studies. 4,5,16e18,29 However, our study showed an improved trend of mortality in the Exeter group, and the difference was approaching more towards significant level with increasing time from operations. The effects of improved rehabilitation outcomes and decreased falls, refractures and implant complications might contribute to a trend of lower mortality in the Exeter group, but the effects might only be obvious with longer time. A study with longer follow-ups and larger population may be useful to see the true effects of cemented and cementless implants on postoperative mortality rate. The drawback of this study was that this was a retrospective study with limitations in its designs, as being reflected in the above discussion about indirect comparisons of admissions or attendances due to falls, refractures and implant-related complications. The duration of follow-ups was only two years, and longterm results of the two implants were unknown in present study. Also, to obtain meaningful comparison of functionally well patients, and to eliminate any bias (as it was not a randomised controlled study), a big number of patients had been excluded in the initial phase.
Conclusion
The new cemented modular Exeter hemiarthroplasty provided better functional outcomes even in short-term, which resulted in less health-care needs for repeated falls and fractures and possibly a reduced mortality in long-term, when compared with traditional AMA. Therefore the use of cemented modular Exeter hemiarthroplasty, according to the new guidelines of Hospital Authority, is a valid alternative for AMA and it seems beneficial to change, at least in short-term results.
